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© Assay method for detecting the presence of bacteria. 



© An assay method is provided to easily and 
quickly detect the presence of organisms capable of 
being cultured, such as bacteria, characterized by 
antibody capture of the organism of interest by use 
of specialized magnetic beads, incubation of the 
captured cells to form colonies; removal of material 
from the colonies with a colony lift membrane; and 
detection of the colony material on the membrane 
sheet by use of labeled antibodies, PCR or nucleic 
acid probes. 
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This invention relates to an assay method for 
quickly and easily detecting the presence of bac- 
teria or other culturable organisms. In particular, an 
immunoassay method is utilized to detect the pres- 
ence of viable bacteria in foods and other poten- 
tially contaminated samples using an assay char- 
acterized by 1) capture of specific bacterial cells 
with specific antibodies immobilized on magnetic 
beads; (2) incubation of the captured cells by the 
beads to form bacterial colonies; (3) imprint of the 
colonies to a colony lift membrane; and (4) con- 
firmation and quantification of the colonies on the 
colony lift membrane. 

The presence of bacterial pathogens is a well 
recognized cause of severe illness, so that there is 
an ever present need for the detection of such 
pathogens in both clinical specimens (i.e. blood, 
tissue, urine and other body extracts and fluids), 
agricultural specimens (such as food products) and 
environmental specimens (such as surfaces in food 
processing plants). 

However, current tests for the detection of bac- 
terial pathogens, such as in food, typically require 
a number of days to complete. During this period 
of time, between sampling and assay determina- 
tion, fresh food and dairy products will enter the 
food chain and therefore be consumed by the 
public. If a test indicates the presence of 
pathogens, expensive product recalls may result, 
or, worse, before the test results are discovered an 
outbreak of sickness may occur. 

As stated above, traditional methods to detect 
the presence of bacterial food pathogens require 
an extended period of time, basically due to the 
need for an enrichment/incubation period. This in- 
cubation/enrichment period is intended to allow for 
growth of these bacteria from a background of 
competing microorganisms and an increase in bac- 
terial cell numbers to more readily aid in identifica- 
tion. In many cases a series of two or three sepa- 
rate incubations is needed to isolate the target 
bacteria. However, such enrichment steps can ac- 
tually compromise test sensitivity by killing some 
of the cells sought to be measured. 

In the standard FDA procedure for detection of 
Listeria in food products (Bacteriological Analytical 
Manual, 7th ed., 1984; Supplement, September 
1987, Chapter 29) 25 g or 25 ml of a food sample 
is mixed with 225 ml of enrichment broth. This 
sample in broth mixture is incubated for 2 days. At 
the end of days 1 and 2 a sample of the broth 
culture is streaked onto petri plates containing 
selective growth agar and these plates are incu- 
bated for an additional 1-2 days Identification of 
Listeria colonies is done by eye. This identification, 
however, is subjective, and presumed colonies 
must be confirmed by additional tests, which re- 
quire another 1-2 days. Because of growth of bac- 
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teria during the enrichment step, the number of 
colonies on the agar plates does not represent the 
number of bacteria in the original sample. This test 
can only detect the presence of bacteria, and can- 
5 not quantitate the numbers originally present in the 
sample. 

More recent methods of bacteria detection in 
food products have attempted to reduce the time 
needed for enrichment or confirmation. Many of 

w these procedures utilize antibodies. A typical pro- 
cedure, exemplified by the Listeria-Tek and Salmo- 
nella-Tek assays (Organon Technica Corp.), is a 
two site assay. That is, one antibody is immobilized 
in a microtiter well and acts to capture the target 

75 bacteria. This allows for separation of the target 
bacteria from the sample. A second antibody label- 
led with an enzyme is used to detect the captured 
bacteria. Theoretically, such an assay could be 
used to detect bacteria directly in a food sample. 

20 The actual sensitivity limit of these assays, how- 
ever, makes it necessary to culture the target bac- 
teria from the food sample. Because of the need 
for enrichment, the assay still requires 24-48 hours, 
even though the confirmation step is reduced to 1- 

25 2 hours. Enrichment also makes quantitation im- 
possible. 

Another alternative method for Listeria detec- 
tion is immunomagnetic isolation. In this procedure, 
antibodies to the bacteria of interest are immo- 

30 bilized on magnetic beads. The beads, with at- 
tached antibodies, interact with the target organ- 
isms, which can be separated from other sample 
material and microorganisms in a magnetic field. 
This procedure Is intended to reduce or eliminate 

35 the 24-48 hours enrichment period. Production and 
use of magnetic beads have been described in 
U.S. Patent Nos. 3,970,518 (Giaever), 4,230,685 
(Senyi and Widder), 4,677,055 (Dodin et al.), and 
4,695,393 (Whitehead et al.). Immunomagnetic 

40 beads have been used to isolate Salmonella (Ver- 
mut et al., J. Appl. Bact. 72, 112, 1992), Staphy- 
lococcus aureus (John et al., J. Clin. Microbiol. 27, 
1631, 1989) and Listeria (Skjerve et al., Appl. Env. 
Microbiol. 56, 3478, 1990) from foods, and Es- 

45 cherichia coli from fecal samples (Lund et al., J. 
Clin. Microbiol. 29, 2259, 1991). In all of these 
examples, immunomagnetic capture is very ineffi- 
cient at low numbers of bacteria. At the low levels 
of bacteria significant in food microbiology (<100 

50 bacteria per gram), these methods cannot be used 
without enrichment. Interference by non-target or- 
ganisms sometimes occurs, requiring the addition 
of selective enrichment, or a confirmation step, or 
both, to make a complete assay. 

55 In summary, these existing "rapid" immunoas- 

say procedures for bacteria detection in food sam- 
ples all require at least one dilution of sample into 
growth medium, followed by an enrichment period, 
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then an assay procedure which only utilizes a 
fraction of this final culture. The actual assay sam- 
ple thus only corresponds to a small fraction of the 
original food sample. The bacterial culture step, or 
steps, must therefore overcome this dilution factor, 
adding to the amount of needed culture time. The 
use of the enrichment step also makes quantifica- 
tion of bacteria impossible. In addition, the utilized 
enrichment steps may kill the bacteria sought to be 
identified, producing a high false negative rate. 

The method of the present invention over- 
comes the low capture efficiency characteristic of 
all previous immunomagnetic procedures. Im- 
munomagnetic capture of bacteria is a complex 
process, and several parameters are important in 
successful capture. Good recovery of bacteria from 
food samples requires strong interaction between 
the bacteria and the immunomagnetic beads. The 
higher efficiency of the assay of the present inven- 
tion results from improvements in both particle 
design and the method used for magnetic isolation. 

A combination of bead porosity, bead size, 
attachment method, and long capture time ac- 
counts for the improved performance. The im- 
provement in capture efficiency is such that bac- 
teria can be isolated directly from food samples, 
without enrichment, at levels of less than 10 bac- 
teria per gram of food. Because enrichment is 
avoided, the method allows quantitation of the 
number of bacteria present. In addition, the bac- 
terial colonies formed are individually confirmed as 
target bacteria by an immunochemical confirmation 
step. 

It is, therefore, an object of the present inven- 
tion to provide a method for the detection of viable 
bacteria which eliminates the selective culturing 
steps. 

It is another object of the invention to provide a 
method for quickly confirming and quantitating the 
presence of any culturable organism, particularly 
bacteria, including potentially pathogenic bacteria. 

It is a further object of the invention to provide 
a method for the detection of bacteria by which the 
detection can be easily made by viewing with the 
human eye. 

These and other objects of the invention are 
accomplished by providing a method wherein: 

(1) the bacteria cells of interest are selectively 
captured and removed from a sample by the 
use of an antibody bound to magnetic beads; 

(2) the captured bacteria cells are spread on a 
medium to form colonies; 

(3) the bacteria colonies are contacted with a 
colony lift membrane to attach colony material 
to the membrane; and 

(4) the presence of colony material from the 
colonies of the bacteria of interest is detected 
by use of one of various procedures, including 



DNA or RNA probes, PCR techniques and label- 
ed antibodies which provide evidence of the 
presence of the bacteria of interest. 
As noted above, one object of the invention is 

5 to provide an assay procedure for rapid and easy 
identification of the presence of a particular bac- 
teria of interest in a sample. The assay procedure 
is broadly applicable to the detection of any cul- 
turable organism, including bacteria, molds and 

10 yeast. Of particular importance is the detection of 
the presence of potentially harmful contaminants, 
particularly those which cannot be visually detected 
by eye. A broad range of contaminants can be 
detected by the assay, so long as the contaminant 

75 can be cultured to form colonies and antibodies 
can be raised against the contaminant, DNA or 
RNA probes can be used to detect the contaminant 
or PCR techniques can be used to detect DNA 
material from the contaminant. 

20 In a particular preferred aspect, the assay is 

used to detect various bacteria, and can be utilized 
to detect the presence of any specific, selected 
bacteria of interest. The bacteria can be either 
pathogenic or non-pathogenic, although the inven- 

25 tion is particularly important for detection of poten- 
tially contaminating pathogenic bacteria. Specific 
bacteria detectable by the assay of the invention 
include, for example, Listeria, Campylobacter, Es- 
cherichia coli, Salmonella, Clostridia (such as 

30 Clostridium botulinum and Clostridium perfingens), 
Shigella, Staphylococci (such as Stapylococcus 
aureus), Vibrio (such as Vibrio vulnificus, Vibrio 
cholerae and Vibrio parahaemolyticus), Yersinia 
(such as Yersinia enterocolitica and Yersinia 

35 pseudotuberculosis) Plesiomonas strigelloides, Ba- 
cilli (such as Bacillus cereus) and Aeromonas (such 
as Aeromonas hydrophila). 

In addition, various molds can be detected, 
including Byssochlamys, Fusarium, Geotrichum, 

40 Penicillium and Scopulariopsis and various yeasts 
can be detected, such as Kluyveromyces, Pichia, 
Saccharomyces, Candida and Rhodotorula. 

The method of the invention, therefore, gen- 
erally comprises the following procedural steps: 

45 1) The sample to be tested is, if necessary, 
liquified or otherwise prepared for use in the 
assay. 

2) The liquid sample is combined with magnetic 
beads having immobilized thereon monoclonal 

50 or polyclonal antibodies to the selected bacteria 
of interest, the presence of which is to be deter- 
mined by the assay. If present, the target se- 
lected bacteria cells are thereby immobilized 
onto the immunomagnetic beads. The im- 

55 munomagnetic beads with attached immobilized 
bacteria are then washed to remove any remain- 
ing sample. 
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3) The immunomagnetic beads with the immo- 
bilized bacteria are then spread on a culture 
medium, and the bacteria are allowed to grow to 
form colonies. 

4) To confirm that the colonies are the bacteria 5 
of interest, the colonies are then contacted with 

a colony lift membrane, and the membrane is 
removed, whereby the colony material from the 
bacterial colonies is attached to the lift mem- 
brane. 10 

5) The colony material attached to the lift mem- 
brane is then subjected to one of several detec- 
tion/analytical procedures by which the pres- 
ence of the bacteria of interest can be either 
qualitatively or quantitatively determined. These 15 
detection steps include: (a) use of nucleic acid 
probes; (b) use of PCR ; and (c) use of anti- 
bodies. 

(a) If nucleic acid probes are used, the lift 
membrane (nitrocellulose) is placed-in a lysis 20 
buffer to allow lysis of the bacterial colonies 

and release bacterial nucleic acids which be- 
come bound to the lift membrane. The mem- 
brane is then blocked and hybridization is 
carried out directly in the blocking solution by 25 
adding to it a RNA or DNA probe specific for 
the bacteria of interest. The probe is, for 
example, labeled with fluorescein, so that , 
the hybridized membrane can then be in- 
cubated with an anti-fluorescein antibody 30 
labelled for subsequent detection. 

(b) If PCR detection is to be used, again the 
lift membrane having colony material at- 
tached thereto is added to a lysis buffer to 
release nucleic acids. The released nucleic 35 
acids are then precipitated, collected and 
form the template for a PCR reaction. The 
template nucleic acid is appropriately mixed 

with nucleoside triphosphates, divalent ca- 
tions and primers. 40 

(c) If antibody detection is to be used, the lift 
membrane is treated with a fixing agent to fix 
the colony material to the membrane and the 
membrane is blocked to lower non-specific 
reactivity. The membrane, having fixed there- 45 
to material from the bacterial colonies, is then 
treated with a labeled or unlabeled first anti- 
body specific to the bacteria of interest to be 
detected, and the membrane is washed to 
remove any unbound first antibody. If the first 50 
antibody was unlabeled, the membrane is 
then treated with a second antibody which is 
labeled and is specific for the first antibody, 

and the membrane is washed to remove any 
unbound labeled second antibody. The pres- 55 
ence of labeled first or second antibody on 
the membrane is then detected, specifically 
by means to permit visual evidence of the 



presence of colonies of the bacteria of inter- 
est. 

As can be seen from the above method 
scheme, the method of the invention is particularly 
characterized by the use of immunomagnetic 
beads to first select out bacteria from a sample. 
The beads must be capable of efficiently capturing 
bacteria from foods at realistic levels, while not 
capturing other bacteria which may be present at 
much greater numbers. The antibody used for this 
step need not be totally specific to the bacteria of 
interest as subsequent selective and specific steps 
combine to confer the ultimate specificity of the 
assay for only specific bacteria of interest. Further 
uniquely characterizing the method of the invention 
is the use of a colony lift membrane and subse- 
quent confirmation steps. Using these characteristic 
features, the method of the invention can be impor- 
tantly applied to the rapid and specific detection of 
viable strains of bacteria, particularly detection by a 
simple visual means, detectable by the human eye. 
The assay particularly provides a very sensitive 
assay detection, capable of detecting 1 colony 
forming unit (CFU) per 25 ml of sample, more than 
100 times more sensitive than prior immunomag- 
netic methods. 

High sensitivity and efficiency of the assay of 
the invention are accomplished by an important 
combination of factors relating to the design and 
use of magnetic beads having antibodies attached 
thereto. 

First, the antibodies must be accessible at the 
surface of the magnetic beads, so nonporous 
beads are required. Giaever, Senyi, and Dodin 
(cited above) all disclose the use of porous mag- 
netic beads. Second, the antibodies must be ori- 
ented with their binding sites outward. In one em- 
bodiment, attachment of antibodies to magnetic 
particles is accomplished through a protein A inter- 
mediate. That is, protein A is first attached to the 
magnetic particles and the antibodies of choice are 
then bound to the protein A. The use of the protein 
A intermediate greatly increases the effectiveness 
of capture by the attached antibodies (Forsgren et 
al., J. Immunol. 99, 19, 1977). Protein A attaches to 
the Fc portion of IgG subclass antibodies, thus 
extending and presenting the Fab portion of these 
antibodies. The resulting correct orientation of the 
antibodies and extension away from the particles 
leads to a very effective interaction between the 
bound antibodies and their target. Senyi describes 
protein A magnetic beads, but without the other 
improvements described here, those would not be 
successful. Third, the magnetic particles must be in 
the submicron size range, which creates a large 
surface area. Skjerve used solid polystyrene beads 
of 2.8 urn diameter, and these were much less 
efficient. Fourth, contact time between the beads 
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and the bacteria must be long enough to allow 
strong interaction. Magnetic beads are mixed with 
sample for 30 minutes to 2 hours, a longer time 
than reported in previous trials of magnetic beads. 

Step 1: Liquefaction 

The assay of the invention can be utilized to 
detect the presence of bacteria in a wide variety of 
samples, both solid and liquid, including food, ag- 
ricultural products, environmental samples and var- 
ious clinical specimens. If the sample is liquid, it 
can be per se subjected to the procedure of the 
invention, or first diluted, or concentrated by cen- 
trifugation On the other hand, if the sample is solid, 
it should be first liquified (for example in water) 
using standard known techniques, such as by use 
of a blender or stomacher. The liquid or liquified 
sample may, if desired, be filtered through a 
course paper, glass or other matrix filter to remove 
particulates. If the sample to be tested is an envi- 
ronmental sample, then swabs or scrapings of the 
tested surface or material are mixed in a collection 
buffer and then treated as a liquified food sample. 

Step 2: Immobilization With Antibodies 

Antibodies (polyclonal or monoclonal) to target 
bacterial cells are immobilized on magnetic beads 
and used to separate the bacteria cells from the 
sample. In this step, one or more antibodies may 
be used to recognize all target strains of the bac- 
teria genus of interest. The antibodies used in this 
step recognize bacteria cell surface antigens. After 
an incubation period in which the liquid sample or 
liquified sample is mixed with the magnetic par- 
ticles having antibodies attached, the antibody 
bound particles and attached bacteria are then 
separated from the sample by means of a mag- 
netic field (magnetic capture) and washed to re- 
move other potential impurities. 

As the antibodies for capture, and, as dis- 
cussed later, for detection, of the bacteria, any 
class of antibodies can be used (including IgG and 
IgM) and either polyclonal antibodies or mon- 
oclonal antibodies can be used depending upon 
various factors, including the degree of sensitivity 
desired. If polyclonal antibodies are to be used, 
then such antibodies can be prepared according to 
per se known procedures. For example, procedures 
such as those described by Hum, B.A. et al. (1980) 
in Meth. in Enzymology, Ed. Van Vanakis, H. and 
Langone, J., pp. 104-142, can be used. The prep- 
aration of monoclonal antibodies is known and if 
monoclonal antibodies are to be used in this inven- 
tion, they are prepared using the method originally 
authored by Milstein and Kohler and published in 
Nature (1975), 256, pps. 495-497. 



The magnetic beads must meet several re- 
quirements in order to be useful in this assay. They 
must be nonporous, so that the antibody molecules 
remain on the surface of the bead, where they can 

5 contact the bacteria. The magnetic beads de- 
scribed in U.S. Patent No. 3,970,518 (Giaever), 
4,230,685 (Senyi and Widder), and 4,677,955 
(Dodin et al.) are all porous, allowing antibody 
molecules to enter the beads. Since the bacteria 

w cannot enter the bead, the amount of antibody 
available to contact bacteria is reduced. In addition, 
the beads must be less than about mm in diam- 
eter, so that the beads are similar in size as, or 
smaller than, the bacteria. The magnetic beads 

15 used by Skjerve (cited above), commercially avail- 
able from Dynal, were 2.8u,m. Their low capture 
efficiency was due in part to the relatively large 
bead diameter. 

Beads for use in the present invention, there- 

20 fore, are non-porous and have a diameter of from 
about 50nm to about 1u,m, preferably from 0.3 to 
1um. The beads must also contain a chemically 
functional group through which the antibody can be 
attached. The beads described by Whitehead et al. 

25 (U.S. Patent No. 4,695,393) are suitable. White- 
head, however, does not describe capture of bac- 
teria, and gives no indication that their beads would 
be an improvement over the larger or porous 
beads described earlier. Other suitable beads in- 

30 elude protein coated magnetite beads, such as 
beads coated with bovine serum albumin which 
may be additionally coated with an antibody-linking 
compound like Protein A. Useful beads are de- 
scribed, for example in PCT Patent Publication WO 

35 9102811 to Immunicon Corp. and are commercially 
available as Immunicon Protein A Magnetic Sepa- 
ration Media, Cat. No. G6100. 

Attachment of the antibody to the magnetic 
beads must be such that the binding portion of the 

40 antibody extends away from the surface of the 
bead, allowing contact between the binding portion 
of the antibody and the bacteria. To do this, the 
antibody is attached at some site on its nonbiding 
portion. Potential sites for direct covalent biding 

45 include the carbohydrate portion and sulfhydryl 
groups between the heavy chains. The antibody 
can also be attached indirectly using a ligand or 
protein with affinity for the nonbinding portion, such 
as another antibody or protein A. Binding via pro- 

50 tein A is a preferred method of this invention. The 
method of attachment of protein A to magnetic 
particles may proceed by any of several processes 
available through the scientific literature. In one 
such procedure, magnetic iron oxide particles of 

55 approximately 1um diameter, derivatized with an 
amino group, are chemically activated with glutaral- 
dehyde. The activated magnetic particles are then 
mixed with protein A resulting in a magnetic par- 
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tide to which protein A is covalently attached. The 
antibodies are then added to the protein A mag- 
netic particles and after a short incubation the 
protein A-antibody complexes form (Weetall, Meth. 
Enzymol. 44, 134, 1976). These derivatized par- 
ticles with protein A-antibodies attached are now 
ready for use in bacterial cell capture. 

During the capture step, strong interactions 
must form between the antibodies and the bacteria. 
A short incubation time, such as 5 minutes, allows 
only weak interactions to form, producing low cap- 
ture efficiency. At least 30 minutes, and preferably 
2 hours, is needed to allow sufficiently strong inter- 
actions to produce high capture efficiency. 

Step 3: Growth of Bacterial Colonies 

The captured and immobilized bacterial cells 
are spread on a medium on which the cells will 
grow and are incubated. Incubation is conducted 
for a time sufficient to form bacterial colonies visi- 
ble to the eye. Spreading the cells produces sepa- 
rate colonies from the individual cells, providing a 
means of quantification. 

Particular media for incubation depend, of 
course, upon the bacteria of interest to be de- 
tected. Such mediums, preferably solid, are per se 
known to those skilled in the art for various bac- 
teria, as disclosed, for example, in the Bacteriolog- 
ical Analytical Manual. Incubation times and con- 
ditions are also varied and per se known, depend- 
ing upon the particular bacteria of interest. Gen- 
erally, sufficient growth is accomplished within 6 to 
24 hours. 

Alternatively, the separated bacteria can be 
grown in a liquid culture medium. This removes the 
possibility of quantitation, but still allows subse- 
quent confirmation of the presence of the selected 
bacteria. Confirmation in this case can be by tradi- 
tional biochemical tests, or by immunochemical or 
nucleic acid probe techniques. 

Step 4: Colony Lift onto Membranes 

After incubation of the bacteria is completed, 
confirmation of the specific bacteria of interest is 
still necessary. This can be done in various ways. 
For example, colonies can be confirmed by tradi- 
tional biochemical methods or by one of the newer 
immunochemical or nucleic acid probe tests. The 
preferred form of this invention uses immunochem- 
ical confirmation on a colony lift membrane, in 
order to preserve the quantitative capabilities pro- 
vided by the efficient magnetic capture step. 

A colony lift membrane is placed in contact 
with the growth medium, whereby the colonies 
attach and imprint colony material to the mem- 
brane. Colony lift membranes are per se known 



and may be comprised of, for example, nitrocel- 
lulose or nylon. The membrane is preferably cut to 
the size of the container or dish containing the 
growth medium, so that all colonies growing on the 
5 container are overlayed with the same single sheet. 
In this manner, the sheet/membrane acquires the 
same pattern of colonies that was originally con- 
tained on the growth medium. 

w Step 5: Detection of Bacteria of Interest 

The lift membrane having colony material can 
now be subjected to one of several procedures for 
detection of the bacteria of interest. 

15 

a) Detection by use of nucleic acid probes: 

Detection of the bacteria of interest can be 
performed by use of nucleic acid probes following 

20 procedures which are per se known. Suitable pro- 
cedures for such detection of Listeria are de- 
scribed, for example, in U.S. Patent 5,089,386, PCT 
Patent Publ. WO 90/08841 , PCT Patent Pub. WO 
92/15883, and PCT Patent Pub. WO 89/06699, 

25 each of which is hereby incorporated by reference. 

A suitable nucleic acid probe assay is com- 
prised generally of (1) sample treatment and lysis; 
(2) hybridization with the selected probe(s); (3) 
hybrid capture and (4) detection. 

30 Lysis of the bacteria is necessary to release 

the target molecules for the probes. The nucleic 
acid target molecules are released by treatment 
with any of a number of lysis agents, including 
alkali (such as NaOH), guanidine salts (such as 

35 guanidine thiocyanate), enzymes (such as 
lysozyme, mutanolysin and proteinase K), and de- 
tergents. 

Lysis of the bacteria, therefore, releases both 
DNA and RNA, particularly ribosomal RNA and 

40 chromosomal DNA both of which can be utilized as 
the target molecules with appropriate selection of a 
suitable probe. Use of rRNA as the target 
molecule(s), however, is preferred because rRNAs 
constitute a significant component of cellular mass, 

45 thereby providing an abundance of target mole- 
cules. The use of rRNA probes also enhances 
specificity for the bacteria of interest, that is, posi- 
tive detection without undesirable cross-reactivity 
which can lead to false positives or false detection. 

so Hybridization is comprised of the addition of 

the specific nucleic acid probes. In general, hy- 
bridization is the procedure by which two partially 
or completely complementary nucleic acids are 
combined, under defined reaction conditions, in an 

55 anti-parallel fashion to form specific and stable 
hydrogen bonds. The selection or stringency of the 
hybridization/reaction conditions is defined by the 
length and base composition of the probe/target 
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duplex, as well as by the level and geometry of 
mispairing between the two nucleic acid strands. 
Stringency is also governed by such reaction pa- 
rameters as temperature, types and concentrations 
of denaturing agents present and the type and 
concentration of ionic species present in the hy- 
bridization solution. 

The hybridization phase of the nucleic acid 
probe assay is performed with a single selected 
probe or with a combination of two, three or more 
probes. Probes are selected having sequences 
which are homologous to unique rRNA sequences 
of the target organism. Suitable probes useful for 
the detection of Listeria are described, for example, 
in U.S. Patent 5,089,386, PCT Patent Pub. WO 
90/08841 and PCT Patent Pub. WO 89/06699 and 
are commercially available, for example, from 
Gene-Trak Systems. In general, a first capture 
probe is utilized to "capture" formed hybrid mol- 
ecules. The hybrid molecule is then detected by 
use of antibody reaction or by use of a second 
detector probe which may be labelled with a 
radioisotope (such as phosphorus-32) or a fluores- 
cent label (such as fluorescein) or chemilumines- 
cent label. 

b) Detection by use of PCR: 

Detection of the bacteria of interest can also be 
performed by use of PCR techniques. A suitable 
PCR technique is described, for example, in PCT 
Patent Pub. WO 92/08805. Such detection proce- 
dures are applied to the colony material adhered to 
the lift membrane or, alternatively, directly to the 
bacteria captured on the magnetic beads. In either 
case, the bacteria is combined with a lysis buffer 
and collected nucleic acid target molecules are 
then utilized as the template for the PCR reaction. 

c) Detection by use of antibodies: 

For detection of the selected bacteria by use of 
antibodies, after the colony material is adhered to 
the lift membrane, it is then necessary to fix the 
colony material to the lift membrane by treatment 
with an appropriate fixing agent in order to ensure 
that the colonies adhere more firmly to the sheet. 
Suitable fixing treatments include placing the lift 
membrane in a solution of methanol or placing the 
membrane in a solution of the detergent sodium 
dodecyl sulfate with brief heating to 70 ° C. 

It may also be desirable to treat the fixed 
colonies and membrane with per se known bloc- 
king agents to prevent non-specific reactivity of the 
subsequent detecting antibodies. Suitable blocking 
agents include, for example, casein and BSA. 

The lift membrane having fixed thereto the 
colony material from the bacterial colonies is next 



contacted with antibodies specific to the bacteria of 
interest. As noted above, either polyclonal or mon- 
oclonal antibodies can be utilized, but in either 
case have affinity for the particular bacteria to be 

5 detected. These antibodies, when contacted with 
the lift membrane, will adhere/bind to material from 
the specific target bacteria colonies, but will not 
bind to the other colonies. 

Useful polyclonal antibodies include, for exam- 

10 pie, those from Difco poly sera raised in rabbits. 
These antibodies can also be specific for particular 
strains to be detected. For example, Listeria mon- 
ocytogenes includes strains of serovars 1/2a, 1/2b, 
1/2c, 3a, 3b, 3c, 4a, 4a/b, 4b, 4c, 4d, 4e, 7, with 

75 strains of serovars 1/2a, 1/2b and 4b being the 
most common pathogenic strains. It is useful, 
therefore, to detect the presence in a sample of 
pathogenic Listeria by utilizing a polyclonal sera 
against Listeria serovars 1/2 and 4b. Other useful 

20 antibodies, polyclonal or monoclonal, are those 
specific for proteins or carbohydrates on the cell 
surface of the bacteria of interest. Of particular 
usefulness are monoclonal antibodies against 
Listeria teichoic acids of serovars 1/2 and 4b. 

25 Treatment as described above with a first anti- 

body, specific to the bacteria cells of interest, pro- 
vides the first step for selection and identification of 
the specific bacteria of interest. The membrane 
sheet is then contacted with a second antibody. 

30 Again, this antibody may be either polyclonal or 
monoclonal, but importantly is (a) capable of bind- 
ing to the first antibody and (b) labeled in a manner 
to enable subsequent detection. 

If the first antibody is, for example, the above- 

35 noted Difco poly sera, then the second antibody is 
an anti-rabbit IgG/label conjugate. If the first anti- 
body is a monoclonal antibody derived from 
mouse, than the second antibody is an anti-mouse 
IgG/label conjugate. 

40 Alternatively, the first antibody (or the first cap- 

ture nucleic acid probe described above) can itself 
be labelled. The assay can then proceed to detec- 
tion of the label without the need for use of a 
second antibody (or a second detector probe). 

45 With respect to labeling of the antibodies, 

these are labeled either directly or indirectly with 
labels used in other known immunoassays. Direct 
labels may include fluorescent, chemiluminescent, 
bioluminescent, radioactive, metallic, biotin or en- 

50 zymatic molecules. Methods of combining these 
labels to antibodies or other macromolecules are 
well known to those in the art. Examples include 
the methods of Hijmans, W. et al. (1969), Clin. Exp. 
Immunol. 4, 457-, for fluorescein isothiocyanate, 

55 the method of Goding, J.W. (1976), J. Immunol. 
Meth. 13, 21 5-, for tetramethylrhodamine 
isothiocyanate, and the method of Ingrall, E. 
(1980), Meth. in Enzymol. 70, 419-439 for en- 



EP 0 605 003 A2 



zymes. 

These detector antibodies may also be labeled 
indirectly. In this case the actual detection mol- 
ecule is attached to a secondary antibody or other 
molecule with binding affinity for the anti-bacteria 5 
cell surface antibody. If a secondary antibody is 
used it is preferably a general antibody to a class 
of antibody (IgG and IgM) from the animal species 
used to raise the anti-bacteria cell surface anti- 
bodies. 10 

For example, the second antibody may be con- 
jugated to an enzyme, either alkaline phosphatase 
or peroxidase. To detect the label, after the mem- 
brane sheet is contacted with the second antibody 
and washed, the membrane sheet is immersed in a is 
solution containing a chromogenic substrate for ei- 
ther alkaline phosphatase or peroxidase. A 
chromogenic substrate is a compound which can 
be cleaved by an enzyme to result in the produc- 
tion of some type of detectable signal which only 20 
appears when the substrate is cleaved from the 
base molecule. The chromogenic substrate is 
colorless, until it reacts with the enzyme, at which 
time an intensely colored product is made. Thus, 
material from the bacteria colonies adhered to the 25 
membrane sheet will become an intense 
blue/purple/black color, or brown/red while material 
from other colonies will remain colorless. Examples 
of detection molecules include fluorescent sub- 
stances, such as 4-methylumbelliferyl phosphate, 30 
and chromogenic substances, such as 4- 
nitrophenylphosphate, 3,3',5,5'-tetramethylben- 
zidine and 2,2'-azino-di-[3-ethelbenz-thiazoliane 
sulfonate (6)]. In addition to alkaline phosphatase 
and peroxidase, other useful enzymes include 0- 35 
galactosidase, ^-glucuronidase, «-glucosidase, 
glucosidase, a-mannosidase, galactose oxidase, 
glucose oxidase and hexokinase. 

Example 1 - Detection of Listeria Utilizing Anti- 40 
body Detection 

The following is a specific example to show the 
use of the assay of the invention to particularly 
detect the presence of Listeria. 45 

1 . To magnetic particles approximately 0.3um in 
size with covalently attached protein A (such as 
Immunicon Protein A beads), add antibodies to 
Listeria (such as Lee Labs, Inc. Listeria O an- 
tiserum Poly 1,4). 50 

2. Obtain sausage sample known by conven- 
tional microbiological methods to contain 
100,000 to 1 million bacteria per gram and 
which contain 23 Listeria per gram, as deter- 
mined by the FDA Most Probable Number As- 55 
say (MPN), and 2.3 Listeria per gram, as ex- 
trapolated from the FDA MPN assay. The MPN 
assay is accurate within one order of magnitude. 



The immunomagnetic capture procedure recov- 
ers 30% of Listeria from sausage samples. 

3. Liquify the above samples as follows: add 25 
grams sausage to 150mL phosphate buffered 
saline (PBS) + 0.05% Tween20, and stomach 
for two minutes at normal speed. 

4. Filter the stomachate so that 40m L filtrate is 
collected. 

5. Centrifuge the 40mL filtrate at 11,000 x g for 
15 minutes to concentrate the microorganisms. 
Decant the supernatant and resuspend the pellet 
in 2mL PBS + Tween. 

6. Combine the 2mL resuspension, equivalent to 
5.7 grams of the original sausage sample, with 
100uL of the magnetic beads having immo- 
bilized thereon antibodies to Listeria. 

7. After an incubation time of 2 hours rotating 
end to end, place the mixture in a magnetic field 
to remove the magnetic beads having Listeria 
cells immobilized thereon, and wash the beads 
a total of two times with PBS to remove un- 
desirable impurities and unbound material or 
cells. 

8. Spread the separated magnetic beads on the 
surface of a petri dish containing brain-heart 
infusion agar, plus lithium chloride and 
ceftazidime. 

9. After an incubation of 20 hours at 37 "C, 
examine the plates for growth of bacterial colo- 
nies. In this example, duplicate plates from the 
23 Listeria CFU/g per gram sausage sample 
contained 29 and 26 Listeria-like colonies, as 
well as several non-Listeria-like colonies. Plates 
from the 2.3 Listeria per gram sausage sample 
contained 8 and 2 Listeria-like colonies. 

10. To confirm these suspected colonies as 
Listeria, place a colony lift membrane (e.g. Pall 
Biodyne Transfer Membranes) onto the plate of 
solid growth medium to obtain an imprint of the 
colonies on the membrane. Wait 5 minutes be- 
fore peeling the membrane from the plate. The 
media plates may then be further incubated or 
stored at 4°C for use in further testing. 

11. Place the colony lift membrane, colony side 
up, into a tray containing 10mL methanol for 5 
minutes to kill bacteria and to fix antigens onto 
the membrane surface so that they will not wash 
off. 

12. Wash the membrane under a fast flowing 
water tap to remove any excess colony material. 

13. Wash the membrane with PBS + Tween for 
2-5 minutes. Remove wash fluid and repeat 
wash two more times, for a total of three wash- 
es. 

14. Block the membrane to prevent nonspecific 
reactivity of the detecting antibodies by placing 
the membrane in 10mL PBS + Tween + 2% 
nonfat dry milk. Shake on a reciprocating shaker 
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for 30 minutes. 

15. After the 30 minute incubation, pour off the 
first antibody solution and wash the membrane a 
total of three times with PBS + Tween. 

16. Incubate the membranes with 10mL of first 
antibody in PBS + Tween while shaking for 30 
minutes. The antibody for this example is a 
mouse monoclonal IgM capable of binding to 
Listeria cell surface protein antigens fixed to the 
membrane. 

17. After the 30 minute incubation, pour off the 
first antibody solution and wash the membrane a 
total of three times with PBS + Tween. 

18. Incubate the membrane with 10mL of sec- 
ond antibody (goat anti-mouse IgM antibody 
conjugated to alkaline phosphatase) diluted in 
PBS + Tween, while shaking for 30 minutes. 
The second antibody is capable of binding to 
the first antibody, which is specific to Listeria, so 
that color is produced on the membrane at 
places where antigens from the Listeria colonies 
are present. 

19. Pour off the second antibody solution and 
wash the membranes with 10mL water, for a 
total of three washes. 

20. Incubate the membranes with 10mL of al- 
kaline phosphatate substrate solution on the 
shaker until purple dots appear on the mem- 
brane. A typical incubation requires about 5 
minutes. 

21. Stop the reaction by pouring off the sub- 
strate and washing with 10mL water per mem- 
brane, for a total of two washes. 

22. The number of Listeria is then quantitated 
by counting the number of purple signals 
formed on each membrane. In this example the 
23 CFU/g samples' membranes contained 29 
and 26 purple signals, while the 2.3 CFU/g sam- 
ples' membranes contains 8 and 2 purple sig- 
nals corresponding to the Listeria-like colonies 
on the media plates, thus confirming that they 
are Listeria. No purple signals were present at 
the positions corresponding to the non-Listeria- 
like colonies. 

23. The original contamination level determined 
by Listertest is calculated. The sausage samples 
containing 23 CFU/g, as determined by MPN, 
contained 16 CFU/g as determined by this 
method. The sausage samples containing 2.3 
CFU/g, as determined by MPN, contained 2.9 
CFU/g as determined by this method. 

Example 2 - Listeria Detection Utilizing Nucleic 
Acid Probe Detection 

Selective capture of Listeria is performed the 
same as in Example 1 up to the stage at which the 
colony lift membrane is used to obtain an imprint 



of the colonies (step 10). For this procedure a lift 
membrane is comprised of nitrocellulose (NC). The 
NC membrane is laid over colonies on the master 
plate for five minutes to make an imprint. The 

5 imprinted membrane is then placed in a lysis buffer 
(1% (w/v) sodium dodecyl sulfate in water) at 37 °C 
for 30 minutes, to allow lysis of bacterial colonies 
and the release of bacterial nucleic acids, which 
become bound to the NC membrane. This step is 

10 followed by a gentle wash in room temperature 
buffer, followed by fixing of the DNA onto the NC 
membrane by heating the dry membrane at 70 • C 
for 2 hours. The NC membrane is then blocked 
with 0.1% (w/v) bovine serum albumin in wash 

75 buffer. Hybridization is carried out directly in the 
blocking solution by adding to it a DNA probe 
specific for Listeria species or Listeria mon- 
ocytogenes and labeled with fluorescein. Hybridiza- 
tion is carried out at 37 ° C for one hour. 

20 The NC membrane is then washed at 37 °C for 

five minutes, and at 65 °C for five minutes, using 
the wash buffer. The NC membrane is then in- 
cubated with an antifluorescein antibody labelled 
with alkaline phosphatase. Alternatively the probe is 

25 a biotinylated DNA probe and detection is by use 
of avidin-labelled enzyme. The NC membrane is 
incubated with substrate, bromo-chloro-indoyl- 
phosphate and nitro-blue-tetrazolium, until blue 
dots appear over colony material or the back- 

30 ground becomes pale blue. If Listeria are present, 
there is color formation on the membrane cor- 
responding to colonies of Listeria on the master 
plate. 

35 Example 3 - Listeria Detection Utilizing PCR 

As noted above, PCR detection can be applied 
to either the bacteria as captured on the magnetic 
beads or to the bacteria colony material adhered to 

40 the lift membrane. In either case, the bacteria, 
either on the beads or from a colony, are mixed 
with a lysis buffer. 

The lysis buffer contains the enzymes 
lysozyme and mutanolysin. These enzymes digest 

45 bacterial cell walls so the nucleic acids can be 
released. The sample in lysis buffer is incubated at 
37 °C for 30 minutes. Then a small amount of lysis 
buffer containing proteinase K and detergent is 
added. Proteinase K digests protein. After a brief 

so incubation, sodium acetate and absolute ethanol 
are added, to precipitate nucleic acid. The 
precipitated nucleic acid is centrifuged to collect it, 
and dried. This material forms the template in the 
PCR reaction. 

55 The PCR reaction is begun by mixing template 

nucleic acid with nucleoside triphosphates and 
divalent cation, along with primer. Many sequences 
have been published for Listeria primers in PCR, 
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any of which is suitable. TAC polymerase, a geneti- 
cally engineered form of DNA polymerase, is ad- 
ded to the mixture and the solution is covered with 
mineral oil to prevent evaporation. The mixture is 
subjected to 30 cycles of PCR, followed by elec- 
trophoresis. DNA can be visualized by ethidium 
bromide or another type of visualization method. 
One picogram of template DNA is sufficient to 
produce detectable levels of amplified product un- 
der these conditions. 

The invention being thus described, it will be 
obvious that the same may be varied in many 
ways. Such variations are not to be regarded as a 
departure from the spirit and scope of the inven- 
tion, and all such modifications as would be ob- 
vious to one skilled in the art are intended to be 
included within the scope of the following claims. 

Claims 

1. A method for detecting the presence of an 
organism capable of being cultured which 
comprises: 

a) combining a sample to be tested for the 
presence of a selected organism with a 
magnetic solid support having immobilized 
thereon antibodies to said selected organ- 
ism, to thereby capture cells of said se- 
lected organism from said sample; 

b) exposing to a magnetic field said mag- 
netic beads having bound thereto said first 
antibodies and captured selected organisms 
to thereby separate said magnetic solid 
support from said sample; 

c) culturing the thus captured magnetic sol- 
id support and captured selected organisms 
on a solid medium to form colonies of said 
selected organism; 

d) contacting said colonies with a colony lift 
membrane whereby some colony material 
adheres to said membrane; and 

e) treating said membrane to detect the 
presence on said membrane of material 
from said colonies of said selected organ- 
ism. 

2. The method according to claim 1, wherein said 
membrane having colony material adhered 
thereto is contacted with second antibodies 
specific for said selected organism, whereby 
said second antibodies bind to said colony 
material from said colonies of said selected 
organism; said membrane is subsequently 
contacted with labeled antibodies specific for 
said second antibodies, and the presence of 
said label on said membrane is detected to 
thereby detect the presence of said selected 
organism in said sample. 



3. The method according to claim 1 , wherein said 
membrane with colony material adhered there- 
to is contacted with labelled detector anti- 
bodies which bind to said colony material of 

5 said selected organism and the presence of 

said detector antibody on said membrane is 
detected to provide evidence of the presence 
on said membrane of colony material from said 
selected organism. 

10 

4. The method according to claim 3, wherein 
after said membrane with colony material ad- 
hered thereto is contacted with said labeled 
antibodies, the number of colonies having 

75 labeled detector antibodies bound thereto is 

counted to provide a quantitative measure of 
the number of said selected bacteria in said 
sample. 

20 5. The method according to any one of claims 1- 
4, wherein said label is selected from 
fluorogenic, radioactive, chemiluminescent, 
bioluminescent, and enzyme substrate mole- 
cules. 

25 

6. The method according to claim 1 , wherein said 
lift membrane having colony material adhered 
thereto is combined with a lysis buffer to lyse 
organisms and release nucleic acids from said 
30 selected organism, said released nucleic acids 

are combined with and hybridized to a nucleic 
acid probe specific for said selected organism, 
and formation of a hybrid molecule is detected. 

35 7. The method according to claim 1, wherein said 
lift membrane having colony material adhered 
thereto is combined with a lysis buffer to lyse 
organisms and release nucleic acids from said 
selected organism, and said released nucleic 

40 acids are subjected to PCR to detect the pres- 

ence of nucleic acid unique to said selected 
organism. 

8. The method according to any one of claims 1- 
45 7, wherein said antibodies to said selected 

organism are bound to said magnetic solid 
support through an antibody linking compound. 

9. The method according to claim 8, wherein said 
50 antibody linking compound is protein A. 

10. The method according to any one of claims 1- 
9, wherein said selected organism is a bac- 
teria, yeast or mold. 

55 

11. The method according to claim 10, wherein 
said bacteria is a member selected from the 
group consisting of Listeria, Campylobacter, 
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Escherichia, Salmonella, Clostridia, Shigella, 
Staphylococci, Vibrio, Yersinia, Plesiomonas, 
Bacilli and Aeromonas; said yeast is a member 
selected from Kluyveromyces, Pichia, Sac- 
charomyces, Candida and Rhodotorula and 
said mold is a member selected from Bys- 
sochlamys, Fusarium, Geotrichum, Penicillium 
and Scopulariopsis. 

12. The method according to claim 11, wherein 
said bacteria is Listeria. 

13. The method according to claim 12, wherein 
said bacteria is pathogenic strains of Listeria. 

14. The method according to any one of claims 1- 
13, wherein said magnetic solid support com- 
prises non-porous magnetic beads having a 
diameter of from 50 nm to 1 urn. 

15. The method according to claim 14, wherein 
said colony lift membrane is comprised of ni- 
trocellulose or nylon. 

16. The method according to any one of claims 1- 
15 which is capable of detecting one colony 
forming unit per 25 mt of sample. 

17. A method for detecting the presence of bac- 
teria in a sample, said method being capable 
of detecting one colony forming unit per 25 
mt of sample, said method comprises: 

a) combining a sample to be tested for the 
presence of a selected bacteria with a mag- 
netic solid support having immobilized 
thereon first antibodies to said selected bac- 
teria, to thereby capture cells of said se- 
lected bacteria from said sample, said anti- 
bodies being attached to said solid support 
through an antibody linking compound such 
that the Fab portions of said antibodies ex- 
tend outward from the surface of said solid 
support; 

b) exposing to a magnetic field said solid 
support having bound thereto said first anti- 
bodies and captured bacteria cells to there- 
by separate said magnetic solid support 
from said sample; 

c) culturing said magnetic solid support and 
captured bacteria cells on a solid medium 
to form colonies of said selected bacteria; 

d) contacting said colonies with a colony lift 
membrane whereby colony material from 
said colonies adheres to said membrane; 

e) contacting said membrane and said colo- 
ny material adhered thereto with second 
antibodies specific for said selected bac- 
teria, whereby said second antibodies bind 



to said colony material from said colonies of 
said selected bacteria; 

f) contacting said membrane with labeled 
antibodies specific for said second anti- 

5 bodies, whereby said labeled antibodies 

bind to said second antibodies bound to 
said colonies of said selected bacteria; and 

g) treating said membrane to provide evi- 
dence of the presence on said membrane 

10 of the label on said labeled antibody and 

colonies of said selected bacteria. 

18. The method according to claim 17, wherein 
said label is selected from fluorogenic, radioac- 

75 tive, chemiluminescent, bioluminescent, and 

enzyme substrate molecules. 

19. The method according to claim 17 or 18, 
wherein said selected bacteria is a member 

20 selected from the group consisting of Listeria, 

Campylobacter, Escherichia, Salmonella, 
Clostridia, Shigella, Staphylococci, Vibrio, Yer- 
sinia, Plesiomonas, Bacilli and Aeromonas. 

25 20. The method according to claim 19, wherein 
said selected bacteria is Listeria. 



